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Macrobrachium americanum has a high commercial value with good 
fishing and cultivation possibilities in Mexico. Currently there is little 
information on reproductive aspects so the present work analyzed the 
sex ratio, fecundity and morphometry of the eggs of M. americanum 
in the Petatlán River, Sinaloa, Mexico. A total of 31 ovigerous females 
were captured. The sex ratio was 0.39 F: 1 M. The partial fecundity (Pf) 
varied from 34, 554 to 342, 372 eggs (128, 246 ± 12, 306 eggs, average 
Pf). The relationships between body and length-fecundity (R2= 0.5546), 
cephalothorax and length-fecundity (R2= 0.4995) were adjusted to a linear 
model, and the total weight-fecundity to a potential model (R2= 0.5013). 
The average relative fecundity was 37, 132 ± 5, 162 eggs/g. A total of 7 
stages of embryonic development were observed. In the first stages, the 
egg presents a spherical form and in the latter an ovoid shape. Maximum 
egg diameter values are presented in stages VII, VI and VIII. Stage II provided 
the largest number of eggs (1, 013, 073 eggs). It is essential to optimize the 
exploitation of the population of M. americanum present in the Petatlán 
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Freshwater prawns of the genus Macrobrachium are 
distributed in tropical and subtropical areas. There are 
more than 291 species and subspecies registered by the 
Integrated Taxonomic Information System (SIIT), of which 
48 are found in Latin America along the Pacific coast, 
such as Macrobrachium hancocki, M. tenellum and M. 
americanum (Guzmán, 1987; Álvarez-Ruiz et al., 1996; 
Jayachandran, 2001; SIIT, 2013).
M. americanum commonly known as freshwater prawn 
is distributed on the Pacific coast of America, from 
Cedros Island, Baja California, Mexico to Paita, Peru 
(Chirichigno et al., 1982; Hernández et al., 2007). They are 
freshwater organisms, however, their life cycle ends when 
the ovigerous females reach the estuaries to spawn in 
brackish waters (Mossolin and Bueno, 2002). The life cycle 
has two important aspects: a larval development that 
comprises more than twelve stages and that, in at least 
one of these, saline water is needed to survive. Females 
can spawn many times a year and produce thousands of 
eggs in each spawn which are carried under the abdomen 
during incubation (García-Guerrero and Hendrickx, 2009), 
whose duration depends on the temperature of the water 
(García-Guerrero, 2010). Females feed, reproduce and 
spawn in freshwater but larvae must be in saline water at 
the beginning of their development. In some species the 
eggs are incubated and the larvae are released upstream, 
being transported drifting towards the sea (estuarine 
zone) along the riverbed. In other species, females 
migrate downstream, bringing the mass of eggs closer to 
the coastal bays or estuaries where they hatch. The larvae 
are planktonic and once they have been transformed and 
grown to juvenile stages, they begin to migrate from the 
coast to the freshwater high areas, thereby contributing 
to the flow of energy converted into biomass, along the 
different habitats through which they pass (Bauer, 2011a, 
2011b). 
This species of fishing interest is exploited through 
artisanal fishing; it is caught especially with atarrayas 
(circular nets) and traps (Diarte-Plata et al., 2010; 2012). 
Despite being exploited on a rather small scale, it has a 
high demand and commercial value in Mexico, Guatemala 
and El Salvador (Ponce-Palafox et al., 2002; Espinosa-
Chaurand et al., 2011). 
The method of capturing M. americanum by the residents 
of the Petatlán River (Sinaloa River) is to take advantage 
of the increase in the riverbed during the rainy season, 
to carry out the artisanal fishery by means of nasa traps, 
which can be extended throughout the year (Diarte-Plata 
et al., 2012).
The ecological and economic benefits of the aquaculture 
of this species are emphasized in the importance of 
the proper management of natural populations and 
crop systems, based on the knowledge of the biology 
and ecology, as well as the development of sustainable 
biotechnologies. M. americanum is a species with a great 
potential for the commercial farming due to its large 
size, market and economic value. Information about 
the reproductive biology of prawns is an important tool 
to determine if this species is a suitable candidate for 
aquaculture, and necessary for the development of 
appropriate management strategies in cultures (Mossolin 
and Bueno, 2002).
Knowledge of the fecundity of a species is essential to 
determine its reproductive capacity, the minimum number 
of adult organisms needed to maintain recruitment, to 
estimate the population size and to evaluate its potential 
for aquaculture (Da Silva et al., 2004; Parra-Medina et al., 
2010). In freshwater prawn, fecundity is established as the 
number of eggs produced at a reproductive period and 
reflects the reproductive capacity of each female (Parra et 
al., 2010). However, other authors define it as the number 
of eggs laid for hatching and adhered to the female 
pleopods (Da Silva et al., 2004). Despite the biological and 
economic importance of M. americanum, information on 
this species is scarce and not so recent, making it difficult 
to establish a scientific-technical picture (Granados, 1980; 
Ponce-Palafox et al., 2002; De los Santos-Romero et al., 
2006; Diarte-Plata et al., 2010; Espinosa-Chaurand, et al., 
2011; Diarte-Plata et al., 2012). Therefore, the objective 
of this paper is to contribute to the knowledge on the sex 
ratio, fecundity, morphology and morphometry of the 
eggs of M. americanum, which is essential to optimize 
the sustainable exploitation of the population of M. 
americanum in the Petatlán River, Sinaloa, Mexico.
MATERIAL AND METHODS
Sampling of M. americanum was performed on a monthly 
basis between September 2014 and November 2015 on 
the banks of the Petatlán River located near the town 
of El Opochi (middle portion), municipality of Sinaloa de 
Leyva, state of Sinaloa, Mexico (25� 39’ 54” N and 107� 27’ 
56” W). The sampling sites were established considering 
the areas and the method of capture developed by 
fishermen engaged in the exploitation of the freshwater 
shrimp in the middle portion of the Petatlán River. A 
sampling transect was established with a length of 1000 
m, collecting organisms with 10 nasa-type cylindrical 
traps (1 inch, mesh light), placed at 100 m between traps 
which were installed at sunset (19:00 h), being checked 
the following morning (6:00 h) (Goodyear et al., 1976; 
Ponce-Palafox et al., 2002; Diarte-Plata et al., 2012). For 
each organism at the sampling site, the sex, presence 
or absence of eggs in incubation were inspected. The 
incidence of ovigerous females was recorded and they 
were stored in 10% formaldehyde solution in pre-labelled 
1000 ml plastic flasks for laboratory processing. 
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In the laboratory, the total or body length (distal part of 
the rostrum to the distal part of the telson) (TL) (mm) and 
the length of the cephalothorax (distal part of the rostrum 
to the posterior middle part of the cephalothorax) (CL) 
(mm) were recorded with an analogous Vernier caliper 
(Mitutoyo®) with an accuracy of 0.01 mm, and in the case 
of females the total weight without the ovigerous mass 
(TW) (g) with a digital scale (Ohaus®), with an accuracy 
of 0.01 g. The overall sex ratio was determined by month 
and by size range. 
Fecundity 
Of each ovigerous female, the egg mass was removed 
and rinsed with fresh water and weighed (WOM) in order 
to posteriorly remove the villi from the pleopods. The 
estimation of partial fecundity (Pf) was made by using the 
gravimetric method; three sub-samples of 0.1 g of each 
ovigerous mass were weighed in an analytical scale, with 
an accuracy of 0.0001 g (Sartorius®). The eggs in each 
subsample were stored in 1.5 ml (Eppendorf®) plastic 
tubes with 10% neutral formalin for counting. The eggs 
were placed in a Petri box with a grid bottom (millimeter 
sheet), with 2 ml of a mixture of ethanol-glycerin v/v. 
Under a stereoscopic microscope (Carl Zeiss®) at 4x, 
the eggs contained in 20 frames taken at random were 
counted; the result was used to determine the total 
number of eggs contained in the sample. For each female, 
the counted eggs were extrapolated to the total weight of 
the ovigerous mass to obtain a partial fecundity estimate 
(Pf) (Choy, 1985, Escamilla-Montes et al., 2013). Partial 
fecundity was determined using the equation by Pineda-
Barrera et al. (1975) (Equation 1):
                                        F =  (G*N(X))/g                                                                      (Eq.1)
where F = partial fecundity in number of eggs, G = total 
weight of the ovigerous mass (g), N(X)= average number 
of eggs in the three sub-samples, g = average weight of 
the three sub-samples (g). 
To analyze the relationship between partial fecundity 
(Pf), total length (TL) and cephalothorax length (CL), the 
data were adjusted to the following linear model: Y= a 
+ bx, where a is the intercept, b is the slope of the line 
and x is the morphometric variable to evaluate, while for 
the relationship between partial fecundity (Pf) and total 
weight (TW), the following potential model was used 
(Equation 2): 
                            Y = aXb                                                              (Eq. 2)
where a is the intercept, b is the slope of the line and x is 
the morphometric variable to evaluate. 
The relative fecundity (Rf) was obtained with the 
relationship between the number of eggs per gram of 
total weight for each ovigerous female (Lorh, 1999; 
Velázquez-Abunader et al., 2010).
Egg development
The embryonic stage of development of the eggs was 
identified in each ovigerous mass analyzed, based on 
the observations of yolk coverage and growth of body 
structures reported for Palaemonida (Yávar and Dupré, 
2007; García-Guerrero and Hendrickx, 2009).
Egg morphometry 
A total of 30 eggs were extracted from each sub-
sample (n=90) used for the determination of fecundity 
to identify the stages of embryonic development. The 
criteria by García-Guerrero and Hendrickx (2009) were 
considered for the freshwater prawn M. americanum. 
For morphometry, the major and minor axes (90 eggs per 
stage) were measured with a stereoscopic microscope 
with a graduated lens (Stemi 2000-Carl Zeiss®), with an 
accuracy of 0.05 µm. The relationship between the egg 
morphometry with the partial and relative fecundity was 
established by linear regression (Escamilla-Montes et al., 
2013). 
Statistical analyses 
In order to establish the differences in biometric data and 
the relationships between Pf-TL, Pf-CL and Pf-TW, a one 
way ANOVA was used. A Tukey test was used to find which 
groups showed differences. For the sex ratio, a Ji-square 
statistics (χ²) was used, establishing a sex ratio of 1F:1M. 
The observed value was compared with the theoretical 
value of χ² with an alpha of 0.05. Statistical packages of 
Excel® and Statistica® 7.0 were used (Zar, 2010).
RESULTS
Sex ratio 
A total of 593 organisms were captured: 427 males (72%) 
and 166 females (28%) of which 31 were ovigerous. 
The distribution of size frequencies showed a bimodal 
behavior for both sexes, with the majority measuring 
between 140 to 180 mm of total length, with a minimum 
size of 85 mm and a maximum of 230 mm and an average 
of 14.82 ± 0.09 cm in TL (Fig. 1).
Fig 1. Sex ratio by size interval of Macrobrachium 
americanum
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The sex ratio was 0.39 F: 1M, which differed significantly 
from 1F: 1M (χ² (0.05,14) = 23.68; P< 0.05), with significant 
differences in the months of November (χ² = 14; P< 0.05), 
December 2014 (χ² = 4.17; P< 0.05) and January (χ² = 
17.64; P< 0.05), March (χ² = 57.79; P< 0.05) and between 
August (χ² = 26.13; P< 0.05) and November 2015 (χ² = 
7.75; P< 0.05) (Fig. 2). 
Fig 2. Sex ratio per month in M. americanum. (*) Indicate 
significant differences
The total incidence of ovigerous females in the capture 
was 31 organisms. Females were collected in September 
and October 2014 and between April and October 2015, 
with a peak in July 2015 (9 females) (Fig. 3). Total length 
(TL) of females of M. americanum ranged from 60 to 85 
mm with an average of 153.7 ± 13.1, and a total weight of 
72.38 ± 3.65 g.
Fig 3. Incidence of ovigerous females (number of females) 
of Macrobrachium americanum
Fecundity 
Average partial fecundity (Pf) was 128, 246 ± 12, 306 eggs 
(mean ± standard error) with a minimum value of 34, 
554 and a maximum of 342, 372 eggs. Females with 130 
mm of TL showed average partial fecundities of 62, 678 
eggs, whereas bigger females of 180 mm in TL showed an 
average Pf of 342, 372 eggs. The difference between the 
total length and the number of eggs was significant (F(20,10) 
=3.1484; P=0.03309). Average relative fecundity (Rf) for 
M. americanum was 37, 132 ± 5, 162 eggs/g (Table 1).
For the relationship Pf-TL and Pf-CL, the data were 
adjusted to a linear regression model (Pf = 3771.7 TL-
454804, R2= 0.5505 and Pf = 7059.1LC-358711, R2 = 
0.4969, respectively) (Fig. 4 a and b), whereas the 
relationship Pf-TW showed a coefficient of determination 
of R2= 0.5011 with a potential regression type model Pf= 
321.69PT1.3724 (Fig. 4 c), indicating that between 50% and 
55% of the fecundity variation is explained by the total 
length and total weight, respectively. 
The relationships between Rf-TL, Rf-CL and Rf-TW were 
adjusted to linear type models, with low significant 
coefficients of determination (Fig. 5 a, b and c). The highest 
coefficient of determination was for the relationship Rf-TL 
with an R2= 0.0065 (Fig. 5a), and the lowest for Rf-TW with 
an R2= 0.0003 (Fig. 5c). 
Egg development
A total of 7 stages of embryonic development were 
observed for M. americanum which are described below:
Stage I. Egg moderately round without distinction of 
poles for being one of the first stages. The homogeneous 
granular vitelum comprises 90-100% of the volume of the 
egg. Average diameter 500 µm, with an interval from 460 
to 540 µm (1-2 embryonic development days) (Fig. 6A).
Stage II. The vitelum is observed towards a pole (vegetal), 
the vitelum covers 80-90% of the volume of the egg; both 
poles present, animal and vegetal. Average diameter 520 
µm with an interval from 480 to 560 µm (3-4 embryonic 
development days) (Fig. 6B).
Stage III. The shape of the egg tends to be ovoid, 
appearance of lateral ocular lines, vitelum occupying 
70-80% of the volume of the egg. Average diameter 570 
µm with an interval from 520 to 620 µm (5-6 embryonic 
development days) (Fig. 6C).
Stage IV. Ocular spots in the egg are more intense than 
in stage 4 and are located towards the ends. There is a 
reduction of vitelum by 60-70% of egg volume. Average 
diameter 610 µm, with an interval from 560 to 660 µm 
(7-8 embryonic development days) (Fig. 6D).
Stage V. The egg shows a round ocular stain, less amount 
of vitelum with 50-60% of the volume of the egg; there is 
a body segment from the organism. Average diameter 630 
µm with an interval from 560 to 700 µm (9-10 embryonic 
development days) (Fig. 6E). 
Stage VI. The shape of the egg is elongated (ovoid), body 
of the organism more visible, the ocular stain more round 
than in stage VI, with a more forward position, much 
reduced vitelum with 40-50% of egg volume. Average 
diameter 640 µm with a range from 580 to 700 µm (11-12 
embryonic development days) (Fig. 6F).
Stage VII. Average diameter 650 µm, with an interval from 
580 to 720 µm, most notable presence of the organism, 
frontal eyes, oval egg, presence of segments and some 
appendages of the body well-defined, vitelum, with 30-
40% of the egg volume, stage prior to hatching (13-14 
embryonic development days) (Fig. 6G).
Croatian Journal of Fisheries, 2021, 79, 1-14
G. Diarte-Plata et al. (2021): Freshwater prawn M. americanum in the Petatlán River, Mexico
© 2021 Author(s). This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License 
(http://creativecommons.org/licenses/by-nc-nd/3.0/)
5













1 Sep 2014 IV 148 68 78.5 2.3 1,579 14,948 36,547
2 Sep 2014 V 155 63 72 5.1 1,130 10,996 68,340
3 Sep 2014 IV 162 74 92.8 19.2 1,332 12,728 263,232
4 Sep 2014 V 163 71 86.5 13.1 1,261 11,680 167,811
1 Oct 2014 III 140 60 52.8 5 1,030 9,941 48,850
1 Apr 2015 II 135 60 45.5 5.9 1,358 13,037 83,190
1 May 2015 II 131 61 43.7 6.8 1,204 11,270 80,444
2 May 2015 IV 132 60 41.7 4.7 1,368 13,467 64,907
3 May 2015 III 150 63 60.5 6.6 1,574 15,597 103,884
4 May 2015 III 155 61 60.7 10.1 1,074 10,253 128,068
1 Jun 2015 II 148 67 59.6 4.9 1,591 15,510 79,037
2 Jun 2015 I 148 67 57.7 5.7 1,616 15,508 94,734
3 Jun 2015 I 150 65 72.1 12.3 1,589 15,217 193,971
4 Jun 2015 I 165 80 117.7 27.7 1,225 11,575 320,489
1 Jul 2015 II 142 64 50.9 5.1 1.258 12,423 64,413
2 Jul 2015 II 145 73 78.9 8.8 1,301 12,649 113,080
3 Jul 2015 II 150 64 59.8 6.7 1,260 12,134 80,668
4 Jul 2015 II 152 75 56.7 6.7 753 7,785 70,752
5 Jul 2015 II 153 70 75.9 10.2 1,543 14,712 156,672
6 Jul 2015 II 160 71 89.7 11.1 1,305 12,574 134,865
7 Jul 2015 II 165 74 98.5 14.2 986 9,543 149,952
8 Jul 2015 IV 167 82 112.7 17.5 1,286 12.745 221,200
9 Jul 2015 IV 170 76 95.3 13.2 1234 11,704 167,418
1 Aug 2015 IV 148 66 62.8 9.2 1,469 14,110 139,840
2 Aug 2015 IV 160 76 89.5 14.2 1,471 14,317 208,740
3 Aug 2015 IV 162 66 73.5 11.9 1,360 13,114 162,554
4 Aug 2015 VII 164 70 69.7 10.2 796 7,778 74,358
5 Aug 2015 VI 170 71 74.9 12.4 1,202 11,953 131,936
1 Sep 2015 III 130 58 52.2 5.9 1,068 10,163 64,900
2 Sep 2015 I 175 82 104.7 14.3 1,551 14,741 210,782
1 Oct 2015 I 150 66 56.4 9.4 1,596 15,451 127,558
Table 1. Detailed results of stage of embryonic development phase (SEDP), total length (TL), cephalothorax length (CL), total 
weight (TW), weight of the ovigerous mass (WOM), average number of eggs in 0.1 g (ANE), partial fecundity (Pf) and relative 
fecundity (Rf) of the ovigerous females of M. americanum
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Fig 4. Relationship of partial fecundity with total length 
(a), length of the cephalothorax (b) and total weight (c) of 
females of Macrobrachium americanum
Fig 5. Relationship of relative fecundity with total length 
(a), length of the cephalothorax (b) and total weight (c) of 
females of Macrobrachium americanum
Egg morphometry 
In relation to the morphometric characteristics of the 
eggs, the first stages presented a spherical form, while in 
the last stages the form in the eggs is ovoid or ellipsoidal. 
At different stages of embryonic development, maximum 
egg diameter values were presented in stage VII (0.313 ± 
0.0192 µm), stage VI (0.306 ± 0.0147 µm) and VIII (0.309 ± 
0.0151 µm), whereas the minimum in stage I (0.24 ± 0.01 
µm), with significant differences (P <0.05) between these 
two variables.
The highest monthly egg contribution by embryonic stage 
was presented in July 2015 with 1,159,020 eggs (stage II 
and IV) and the lowest in October 2014 with 48,850 eggs 
(stage III) (Fig. 7).
The Pf-TL relationship in stage II with R2= 0.4288 was 
the lowest coefficient of determination, and stage I was 
the highest with R2=0.7827 (Fig. 8). For the Pf-CL, the 
maximum coefficient values were recorded in stages I 
and IV (R2=0.516 and R2 = 0.512, respectively), and the 
minimum in stage II with R2=0.2769 (Fig. 8). 
Croatian Journal of Fisheries, 2021, 79, 1-14
G. Diarte-Plata et al. (2021): Freshwater prawn M. americanum in the Petatlán River, Mexico
© 2021 Author(s). This is an open access article licensed under the Creative Commons Attribution-NonCommercial-NoDerivs License 
(http://creativecommons.org/licenses/by-nc-nd/3.0/)
7
Fig 6. Stages of M. americanum embryonic development (scale = 500 µm, 2x). A. Stage I, B. Stage II, C. Stage III, D. Stage 
IV, E. Stage V, F. Stage VI, G. Stage VII. V: Vitelo, AP: Animal pole, VP: Vegetable pole, E: Embryo, C: Chromatophores, E: 
Eyes, ES: Eye spot
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Fig 7. Number of eggs by stage of embryonic development of Macrobrachium americanum
Fig 8. Fecundity partial relationship (Pf) - Total length (TL) and partial fecundity (Pf)- length of the cephalothorax (CL), 
considering the stage of embryonic development in Macrobrachium americanum
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The mouths of rivers and coastal lagoons play a 
fundamental role in the repopulation of species of the 
genus Macrobrachium in the upper and middle portions 
of rivers due to their amphidronic behavior (De los Santos-
Romero et al., 2006; McDowall, 2007; Villalobos-Hiriart et 
al., 2010). Juvenile organisms of the freshwater prawn M. 
americanum have been found in brackish waters as they 
stand salinity changes better than adults (Holttschmit 
and Pfeiler, 1984; Cifuentes-Lemus et al., 1990). The 
migrations seem to be related to the optimal salinity 
required by this species for the development of their eggs, 
the growth of larvae and juveniles, and their subsequent 
migration upstream up to more than 100 km (Rodríguez-
De la Cruz, 1967; Kensler et al., 1974; Velásquez-Orozco, 
2005). In the present study, the capture of M. americanum 
took place in the middle part of the Petatlán River, being 
similar to what Villalobos-Hiriart et al. (2010) reported for 
the species captured in the middle and lower portions of 
the basins of the Copalita, Zimatán and Coyutla Rivers in 
Oaxaca, Mexico.
Little work has been done with M. americanum to 
describe aspects of the population. In the current study, 
organisms were presented in the size range of 85 to 230 
mm in total length (Fig.1). In most of sampling months, 
larger organisms were observed in the intervals of 192 to 
239 mm of TL, which coincides with what was reported 
by Pérez-Velázquez et al. (2006) for the same species in 
the Ameca River in the state of Nayarit, Mexico. However, 
size records differ from Puente-Gómez et al. (2006) for M. 
americanum who reported bigger sizes in females than 
in males in the state of Colima, Mexico. De los Santos-
Romero et al. (2006) reported the largest capture in the 
dry season for the Colotepec River estuary, Oaxaca as 
the largest organisms of M. americanum valued by local 
fishermen were recorded. Álvarez-Ruiz et al. (1996) 
reported that during the dry season (January to April) in 
Guanacaste, Costa Rica large organisms were captured 
in the high portions of the San Andrés River which were 
mostly males, while during the rainy season there were 
no big specimens. This does not coincide with the results 
of this study because the largest organisms were found in 
the rainy season (June to October, 2015). 
The sex ratio can be referred to different growth stages 
(larval, juvenile or adult) or to different periods such as 
time of reproduction or migration. In the present study, the 
freshwater prawn M. americanum presented significant 
differences in the sex ratio (0.39 F: 1M); a higher presence 
of males was observed in most of the investigation 
period because females are protecting their eggs by 
staying in their shelters and therefore not being caught 
in traps in the middle part of the river, so this explains 
why the number of caught females was smaller during the 
sampling months. This could happen as M. americanum 
presents migratory habits as part of its reproductive 
behavior, according to the rainy period during the year, 
which determines an increase in the currents of rivers 
and streams. Individuals are dragged by these currents 
from the upper parts and are concentrated on the lower 
parts for reproduction, which could affect the sex ratio in 
certain areas. This coincides with the results for the same 
species (M. americanum) in Guanacaste, Costa Rica where 
they managed to capture a higher proportion of males in 
the middle and upper portions of the river (Arana, 1974; 
Smitherman et al., 1974; Diarte-Plata et al., 2010, 2012).
The study of fecundity in those populations with fishing 
potential is of particular interest, depending on their 
relationship with the capacity to renew them. In addition, 
it represents an important aspect of the knowledge of the 
reproductive strategy and the evolution of the population 
(García-Montes et al., 1987). In those species within the 
genus Macrobrachium, reproductive activity is defined 
as the time interval during which ovigerous females 
are found in a population (Williams, 1984; Cobo, 2000). 
The spawning process occurs about 6 to 20 hours after 
mating. During egg laying, the female´s body is bent 
forward long enough to have close contact with the 
ventral portion of the thoracic region; eggs descend from 
the ovaries through the oviducts and are expelled by the 
genital pores at the base of the third pair of pereiopods to 
the incubation chamber, located between the fourth and 
first pair of pleopods. The eggs adhere to their bristles by 
means of an elastic membranous substance, where they 
are kept aerated by vigorous movements of the swim 
appendages (Coelho, 1981).
In M. americanum, the reproductive season is not yet 
well defined according to its distribution (Holthuis, 1954; 
Rodriguez-De la Cruz, 1968; Smitherman et al., 1974). 
Taking into account the presence of ovigerous females 
in the Petatlán River, M. americanum reproduces mainly 
between April and October, presenting a reproductive 
peak in July, which indicates a seasonal reproductive 
activity andalso coincides with the beginning of the rainy 
season. Valenti (1984) mentions that the species of the 
genus Macrobrachium have a continuous or seasonal 
reproduction with a long breeding season with some 
months of great reproductive activity (spawning). The 
existence of reproductive peaks in Macrobrachium is 
evident in the hottest season in temperate climates 
(Valenti et al., 1986). This behavior has been reported for 
species of the same genus, M. tenellum in the Ameca River, 
Jalisco-Nayarit, Mexico, with a reproductive peak between 
May and July (rainy season) with a seasonal reproductive 
pattern (Vargas-Ceballos, 2018); M. acanthurus presents 
reproductive activity throughout the year, with a peak 
from August to October (Williams, 1984).
According to Corey and Reid (1991) fecundity is a 
measure of a female´s reproductive capacity and plays an 
important role within the freshwater prawn population, 
it is considered a measure of the reproductive ability of 
crustaceans and it is influenced by natural selection. In 
the present study, the fecundity range for M. americanum 
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was 34 554 to 342 372 eggs, which is higher than the one 
reported by Gutiérrez-Jara (2010) for the same species. 
This author observed a fecundity between 17 942 to 124 
057, which was also higher than what has been reported 
for other species of the genus, as Mejía- Ortiz et al. (2001) 
reported for M. acanthurus (113 to 5 568 eggs), Da Silva et 
al. (2004) for M. amazonicum (480 to 2, 128 eggs), Hattori 
et al. (2009) (16 to 1 630) and Meireles et al. (2013) with 
an interval of 1 341 to 2 956 eggs and Lara and Wehrtman 
(2009) in M. carcinus (14 420 to 242 437 eggs).
Fecundity is a reproductive aspect that depends, among 
other things, on the size of females since the physical 
abdominal space available to carry eggs is a limiting factor, 
as well as their physiological conditions (Da Silva et al., 
2004; Parra et al., 2010). Connection between the female 
body size and the number of eggs is known from previous 
studies on freshwater crustaceans as in M. acanthurus 
(Anger and Moreira, 1998; Tamburus et al., 2012), M. 
amazonicum (Da Silva et al., 2004; Parra-Medina et al., 
2008; Aya-Baquero and Velasco-Santamaria, 2013), M. 
carcinus (Graziani et al., 1993; Lara and Wehrtmann, 
2009). In the present work, it was observed that the 
number of fertilized eggs varied considerably with total 
length. The length of ovigerous females of M. americanum 
captured for this study varied from 60 to 85 mm, where the 
fecundity showed higher values (342 372 eggs) according 
to the increase in the total length of females (180 mm 
of TL) and 62 678 eggs in females with a shorter total 
length (Table 1). This may be due to the size that females 
present; the larger the size, the bigger the abdominal 
space. Ovigerous females of M. americanum are bigger 
than those seen for M. acanthurus in the Huitzilapan River, 
Veracruz, Mexico for ovigerous females with sizes of 42 to 
110 mm, as it happens with M. carcinus with a fecundity 
between 14 420 to 242 437 eggs, with ovigerous females 
that reached 220 mm in total length (Lobao et al., 1985; 
Camacho et al., 1997; Mejía-Ortiz et al., 2001; Lara and 
Wehrtmann, 2009). It has been reported that females of 
M. americanum can spawn, that is to carry adhered eggs, 
three or four times a year and produce more than 100 
000 eggs each time, being generally the largest females 
(Arana, 1974). 
The increase in the number of eggs appears to be related 
to body length (total length), as well as to the total weight 
of organisms. The relationship between female size and 
fecundity has been described through a linear regression, 
although in some cases the exponential or potential 
function can be used to describe this relationship (Hernáez 
and Palma, 2003). In the present study, the relationships 
Pf-TL and Pf-CL of M. americanum were adjusted to a 
linear model, where the fecundity increases in a linear 
manner with the total length and the cephalothorax, 
explaining a fecundity variation of 55% with respect to 
TL and CL (Fig. 4 a and b); these results are similar to 
those found by different authors as Gutiérrez-Jara (2010) 
for M. tenellum, M. acanthurus (Albertoni et al., 2002; 
Tamburus et al., 2012), M. amazonicum (Da Silva et al., 
2004; Lima et al., 2014), M. carcinus (Lobão et al., 1985; 
Lara and Wehrtmann, 2009 and M. olfersii (Mossolin and 
Bueno, 2002). With regards to the relationship between 
Pf-TW, the potential model was adjusted to describe the 
relationship where it is observed that the total weight of 
the female is significantly correlated with the number of 
eggs. It can be said that for M. americanum, as the female 
size and weight increases, the number of eggs also tends 
to increase. On the other hand, there was no association 
found between the Rf-TL, Rf-CL and Rf-TW of females 
since the correlation indexes were very low (Fig. 5a, b and 
c). 
The number and size of eggs produced by a certain species 
may vary due to differences in the age and size of breeders 
(Ramalho et al., 2009; Freire et al., 2012; Lara et al, 2009). 
In this paper, embryonic stages for M. americanum were 
established based on the amount of vitelum and ocular 
pigmentation, as well as other characteristics such as the 
first appearance of appendages, which can be used as 
growth parameters for species of the family Palaemonidae 
(Yávar and Dupré, 2007; García-Guerrero and Hendrickx, 
2009). During the days prior to the hatching of the embryos 
of M. americanum, they present all the characteristics of 
the state of Zoea I, which coincides with the same species 
mentioned by García-Guerrero and Hendrickx (2009), and 
with C. caementarius reported by Yávar and Dupré (2007) 
showing similar patterns of villi, abdomen proportion and 
cephalothorax, cephalic appendages and complex eyes.
The change of the spherical shape of the eggs during 
stage III into an elliptical form from stage IV observed 
in the present study has been reported as common in 
several palaemonid species, such as M. rosenbergii and 
M. acanthurus (García-Ulloa et al., 2004). Parra et al. 
(2010) report that as the length and width of the egg 
increase, the embryonic development advances, similar 
to what was observed in this study where the maximum 
egg diameter values of M. americanum were recorded 
in stage IV (0.306 ± 0.0147 µm) and VI (0.309 ± 0.0151 
µm). However, the size of the eggs is bigger to what has 
been reported in females of M. amazonicum by Parra et 
al. (2010) who observed that the newly fertilized eggs 
measured 0.590 µm in length and 0.460 µm in width, and 
in a pre-hatching stage between 0.750 µm and 0.510 µm, 
respectively. 
This may also be due to the fact that in crustaceans the 
quantity of eggs held is limited by the space available 
under the abdomen; therefore, females contain a certain 
amount of embryos according to the shape and size of the 
eggs and their body size (Corey and Reid, 1991; Palma and 
Arana, 1997).
The fecundity is important for a species to maintain and 
increase the population density. It is also very important 
in estimating the reproductive potential of brood 
freshwater prawn which in turn helps management 
strategies of freshwater prawn hatcheries, estimating the 
number of spawners required for producing a desired 
quantity of seeds (Abdur Rashid et al., 2013). In the 
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present study, the highest contribution of M. americanum 
eggs was observed in July 2015, in stages II and IV (Fig. 
7). This coincides with Smitherman et al. (1974) where 
they observed that M. americanum reproduces most of 
the year, mainly in the rainy season between June and 
November. M. tenellum shows a similar behavior with a 
reproductive peak between June and December on the 
Mexican Pacific coasts (Cabrera et al., 1977; Román, 1979; 
Guzmán et al., 1982).
Analysis of the sex ratio, fecundity and description of 
the embryonic development can have innumerable 
advantages, such as promoting the recognition of 
embryos, improving the evaluation of the spawning site 
and studies related to the growth of the species in its 
natural environment; it is also important for the detection 
of changes in the population related to environmental 
factors, which can lead to a consequently lower 
productivity (Alekhnovich and Kulesh, 2001). 
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ODNOS SPOLOVA, PLODNOST I MORFOMETRIJA 
JAJAŠCA SLATKOVODNE KOZICE Macrobrachium 
americanum (BATE, 1868) U RIJECI PETATLÁN, 
SINALOA, MEKSIKO
SAŽETAK
Macrobrachium americanum ima visoku komercijalnu 
vrijednost s dobrim mogućnostima ribolova i uzgoja 
u Meksiku. Trenutno postoji malo podataka o 
reproduktivnim aspektima navedene kozice pa se stoga 
u ovom radu analizirao omjer spolova, plodnost te 
morfometrija jajašaca M. americanum u rijeci Petatlán, 
Sinaloa, Meksiko. Omjer spolova je iznosio 0,39 F:1 M a 
uzorkovana je ukupno 31 jajonosna ženka. Djelomična 
plodnost je varirala od 34 554 – 342 372 jajašca (Pfx ̅= 128 
246 ± 12 306 jajašaca).
Odnosi između duljine tijela i plodnosti (R2 = 0,5546), 
duljine cefalotoraksa i plodnosti (R2 = 0,4995) prilagođeni 
su linearnom modelu, a odnos ukupne mase i plodnosti 
potencijalnom modelu (R2 = 0,5013). Prosječna relativna 
plodnost iznosila je 37 132 ± 5 162 jaja/g. Ukupno je 
uočeno 7 faza embrionalnog razvoja. U prvim fazama 
jaje je imalo sferni, a u drugom jajasti oblik. Maksimalne 
vrijednosti promjera jaja prikazane su u fazama VII, VI i 
VIII. U fazi II utvrdio se najveći broj jaja (1 013 073). Ključno 
je optimizirati eksploataciju populacije M. americanum 
prisutne u rijeci Petatlán stvaranjem znanstvenih osnova 
za održivost ribolova.
Ključne riječi: Embrionalni razvoj, jajosna ženka, 
razmnožavanje, slatkovodna kozica
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